RBsumB. -Dans les cristaux ioniques la mkthode de sommation des 6nergies entre paires d'ions, due ii Fontaine, permet de calculer les knergies de faute d'empilement. On discute ici les diverses approximations du calcul. Les applications ii NaCl et aux structures spinelle et corindon sont comparkes aux donnkes expkrimentales.
1. Introduction. -Pure ionic crystals are particularly well adapted for a description in terms of pair potentials. However, even though the first calculations of dislocation cores were performed by Huntington et al. in 1941 and 1955 [l, 21 few work relevant to dislocation computations in ionic crystals has been carried out compared to that relevant to metals. During the last ten years there has been a wide extension of interest and understanding to dislocations in ionic crystals both from an experimental and a theoretical point of view and a new attention has been drawn to computer simulations of defects with the improvement of Huntington's method for core simulations [3] and the achievement of a surface sommation formula by Fontaine [4] . Only thelatter point will be developed in this paper and Prof. Granzer will present the former in an other part of this conference.
In this kind of calculation a reasonably good approximation for describing the lattice energy of an ionic crystal consists in regarding it as composed of a binding energy arising from the electrostatic interactions of pointlike ionic charges balanced by the Born repulsive interactions which oppose the interpenetration of the electron clouds. In addition to these terms a polarization one may be included to account for configurations where a possible increase of electric field strength 2. Determination of the stacking fault energy of ionic crystals. -2.1 THE ELECTROSTATIC ENERGY. - The change of electrostatic energy between a pointlike ionic charge go located at 0 (Fig. 1 ) and a crystallo- graphic plane of charges q, after a translation parallel to itself of a vector b is : may occur at atomic positions near the defect where the original symmetry is destroyed. The van der Waals where Ri is the vector joining the charge q, to the contribution to the lattice energy will be neglected charge i of the plane. Using Fourier transform, eq. (1) here. The formulation of the method is given in 6 2.2 reads as follows : -and the relative importance of each term is discussed 40 41
in 8 2.3 in relation with some examples of its applica-277 z tion to some ionic crystals, the results are compared k to experimental data and some causes for a possible if z is the distance between go and the plane and r the deviation are exposed.
vector joining the projection of 0 on the plane to an where m denotes the plane in interaction with the charges q,, of the unit surface D and the superscript prime in the sommation indicates that the case li. = 0 is excluded since it has no influence on Aye for a displacement parallel to the plane, indeed this first term in the Fourier series depends only on z.
The alternative equation relevant to a displacement c of the plane perpendicular to itself is given by : 2 the term -zz qOr q l , c corresponds to li. = 0 so that the sommation has been written with superscript prime. It is of some importance to notice that this term disappears when the plane is neutral which allows to calculate the energy of a fault with an arbitrary displacement vector and the energy of the perfect crystal. Otherwise the method is restricted to displacement vectors parallel to the plane. where I and p are the repulsive and hardness parameters of the Born repulsive energy [5] , the subscripts F and P denote the faulted and perfect crystals, n is the number of first neighbours, i and j characterize the kind of interaction (I,,, A,-, I --).
At last in some cases, illustrated in 5 2.3 by the spinel structure, after a stacking fault creation the cations still have their perfect crystal first neighbours so that providing the above assumptions there is no variation of repulsive energy.
2.3 THE POLARIZATION ENERGY. -The creation of a stacking fault may destroy the original symmetry at ions near the defect, then in order to screen the electrostatic interactions the local electronic polarization is changed. Two treatments are proposed by Fontaine to account for this electronic polarization. The first one consists simply in regarding the pointlike charges as interacting in a solid of H. F. dielectric constant E, SO that the energy resulting from both the electrostatic and electronic polarization energies is :
The second and more satisfactory method consists in evaluating analytically the change in electric field at an anion i near the defect using (6) and assuming that the electronic polarizability of cations may be neglected with respect to that of anions. The change in electric field induces a dipole pi specific to each anion. Then the electric field Eo applied to an anion (po) results from the superposition of Eo the electric field produced by the pointlike charges and Eoi the electric field produced by the other dipoles pi. The polarization energy per polarized anion is :
The analytical expressions of the electric field due to rows and planes of dipoles are given by Fontaine [4] .
If the considered planes are composed of ions of various species an other contribution to the energy is obtained when the different ions are allowed to move from their initial crystallographic plane : the ionic polarization energy. Fontaine has found the stacking fault energy for a a displacement vector -[liO] to be about 206 ergs/cmZ 4 providing an important dilatation at the fault corresponding to E --0.3. A rather accurate calculation of the polarization energy (2nd method) shows that its contribution may be neglected when a relaxation is allowed (195 ergs/cm2 including both the electronic and ionic polarizations). Then also accounting rather exactly for the contribution of the polarization energy Fontaine has found that the stacking fault energy of a fault [liO] (1 10) was smaller than the preceding 6 one (169 ergs/cm2). In all cases the polarization lowers the total stacking fault energy of less than 10 %. irradiation damage prevents from an electron microscope support of these results. In this conference Prof. Haasen [15] will develop these results and apply them to the study of ionic crystal plasticity.
SPINEL AND CORUNDUM STRUCTURES 171. -
This work was carried out in order to give a contribution to the problem of synchro-shear in these structures. Indeed following Kronberg's model for corundum [8] , Hornstra 191 has assumed in the MgA1204 case that a dissociation of a perfect dislocation of Burgers vector AB into four partials may occur in ( 111 ) planes (Fig. 2) following the reaction : in { 110) and { 100) planes the dislocation can only dissociate into two partials :
A B + A y + yB.
The two outer pairs of partials bound a stacking fault in both the cation and anion sublattices, furthermore at the fault the cations have to move to their favoured crystal coordination position which is called the synchro-shear process. The two inner partials bound a fault in the cation stacking only. The synchroshear process obviously acts during the glide of the dissociated dislocations. The same treatment leads to an analogous result in the corundum case.
In the considered stacking faults there is no first neighbour violation so that the change of repulsive energy is zero. The contribution of the polarization is accounted for using the H. F. dielectric constant E, of the material and the structures are idealized so that the oxygen ions occupy a perfect close packed lattice. It is found that the width of splitting in MgA1204 is rather small : 1.5 to 2 b in the { 11 1 ) planes, 6 to 8 b (45 A) in (110) and (100) planes. Recently Welsch et al. [lo] using the weak-beam technique have pointed out in this structure a dissociation width of about 100 A which is not so different from the theoretical results. The reasons for this deviation may be firstly that the polarization has been accounted for very roughly, secondly that the dislocations may be charged modifying then the equilibrium width, thirdly that no relaxation of the adjacent planes at the fault has been introduced which would have lowered the stacking fault energy and at last that MgA120, is not completely ionic (Al-0 and Mg-0 are respectively 73 % and 63 % ionic 1161).
As far as the synchro-shear process is concerned it is found that the width of splitting found in corundum compared to that calculated in spinel gives more credibility to its influence on the deformation of the former structure. 
4.
Conclusion. -Based on pair potential interactions the method for evaluating stacking fault energies in pure ionic crystals presented here is rather satisfactory, its results are quite interesting and in rather good agreement with experimental ones providing the calculated stacking fault energies give sufficiently large dissociation widths to get rid of the dislocation core problem. However as soon as the polarization contribution has to be accounted for the treatment becomes greatly complicated but still feasible, since in this case a pairwise interaction is not available.
The actual limitations of this sommation method must be emphasized : 1) its applications to faults where a relaxation perpendicular to the fault plane has to be introduced is restricted to the case of neutral stackings ;
2) it seems difficult to apply it simply to faults which displacement vector does not belong to the fault plane ;
3) its use in crystals with more than two species of ions is rather difficult when a variation of repulsive energy exists since the associated hardness and repulsive parameters are generally unsatisfactory known.
At last once those problems are solved or avoided
